


































value	of	 tomato.	Their	high	antioxidant	capacity,	may	 justify	the	correlation	between	antioxidant	activity	 in	tomato	and	the	phenolic	and	flavonoid	content	(Ilahy,	Hdider,	Lenucci,	Tlili,	&	Dalessandro,	2011).	This
activity	may	contribute	to	the	prevention	of	oxidative	damages,	but	in	addition,	plant	phenolic	compounds	have	been	shown	to	inhibit	the	initiation,	promotion	and	progression	of	cancer	(Ramos,	2008).	The	action	of
quercetin,	one	of	the	prominent	flavonoids	in	tomato	has	also	been	related	with	the	inhibition	and	induction	of	survival	and	death	signalling	pathways	(Stagos	et	al.,	2012).	In	addition	to	reactive	oxygen	species	(ROS)













One	of	the	 limitations	of	these	types	of	programs	is	the	necessity	to	evaluate	a	high	number	of	 individuals	 in	segregant	populations.	Accordingly,	 it	 is	necessary	to	rely	on	rapid	and	inexpensive	analytical


























each	polyphenol;	270	nm	was	employed	 for	kaempferol,	quercetin,	myricetin,	 rutin	and	p-coumaric	acid;	320	nm	was	used	 for	naringenin,	 caffeic	and	 ferulic	acids	and	345	nm	was	 selected	 for	 chlorogenic	acid.	Each	polyphenol
spectrum	was	recorded	using	a	DAD	detector	for	later	identification	of	compounds.
The	effect	of	BGE	composition	was	also	examined	to	select	 the	optimum	composition	and	 for	 tomato	polyphenol	separation.	Factors	analysed	 in	 the	optimization	study	were	borax	concentration	 (from	2.5	 to	15	mM),	 SDS
concentration	(from	0	to	60	mM),	ACN	concentration	(from	0	to	20%)	and	pH	(from	8.50	to	9.50).	These	ranges	were	based	on	preliminary	studies.	To	avoid	operational	issues,	the	effect	of	temperature	was	also	studied	in	a	separate





















In	 a	 first	 step,	 different	 variations	 in	 the	 electrophoresis	 conditions	were	 evaluated	 in	 order	 to	 identify	 the	most	 important	 variables	 to	 consider.	 For	 this	 purpose,	 a	 standard	mixture	 of	 the	 nine	most	 important	 tomato
polyphenols	(20	mg	L−1)	was	used,	including	caffeic,	p-coumaric,	ferulic	and	chlorogenic	acids,	kaempferol,	quercetin,	myricetin,	naringenin	and	rutin.
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Best	factor	combination ACN 0.0 20.0 20.0 0.0 0.0 ND 0.0 7.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0
pH 9.5 ND 8.5 8.5 8.5 ND 9.3 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5 9.5
SDS 0.0 ND 0.0 0.0 0.0 0.0 0.0 35.0 60.0 0.0 57.0 0.0 0.0 0.0 5.0 3.0 30.0 33.0









Optimized	parameter Predicted 95%	Prediction	interval Experimental
Final	analysis	time 10.3	±	0.7 8.6–12.6 11.1	±	0.2
Resolution	between Rutin-naringenin 3.6	±	2.3 0–8.6 2.3	±	0.1
Naringenin-ferulic	acid 4.4	±	3.3 0–12.7 4.8	±	0.2
Ferulic	acid-p-coumaric	acid 6.1	±	2.8 1.3–13.4 8.1	±	0.1
p-Coumaric	acid-chlorogenic	acid 4.2	±	2.0 1.0–13.5 7.7	±	0.1
Chlorogenic	acid-kaempferol 4.7	±	2.7 1.0–15.2 6.1	±	0.2
Kaempferol-myricetin 2.0	±	1.5 0–7.8 2.7	±	0.1
Myricetin-quercetin 3.7	±	1.1 1.3–7.3 2.8	±	0.1
Quercetin-caffeic	acid 44.1	±	48.6 0.1–2223.8 22.3	±	1.3
Peak	width Rutin 0.050	±	0.014 0.024	–	0.094 0.054	±	0.001
Naringenin 0.063	±	0.026 0–0.130 0.044	±	0.001
Ferulic	acid 0.057	±	0.017 0.025–0.117 0.043	±	0.001
Fig.	1	Response	surface	plots	of	the	main	optimized	variables	(resolution	between	consecutive	peaks	and	final	analysis	time)	showing	the	effect	of	BGE	composition	(borax	and	SDS	concentrations)	at	fixed	conditions	pH	8.5,	0%	ACN.	The	selected	BGE
composition	with	the	weighted	desirability	function	is	represented	with	a	vertical	black	solid	line.	Peak	identification:	1,	rutin;	2,	naringenin;	3,	ferulic	acid;	4,	p-coumaric	acid;	5,	chlorogenic	acid;	6,	kaempferol;	7,	myricetin;	8,	quercetin;	9,	caffeic	acid.
p-Coumaric	acid 0.062	±	0.016 0.035–0.118 0.043	±	0.001
Chlorogenic	acid 0.056	±	0.012 0.032–0.093 0.058	±	0.001
Kaempferol 0.072	±	0.014 0.043–0.115 0.055	±	0.001
Myricetin 0.113	±	0.037 0.051–0.312 0.063	±	0.002
Quercetin 0.131	±	0.043 0.057–0.419 0.104	±	0.005



























Caffeic	acid 6.145 −2.403 0.9971 0.1;	0.2 2.3;	1.3 0.1;	0.9 2.9;	3.6 3.1;	10.3 106	±	2 93	±	1
Fig.	2	Electropherograms	of	(A)	standard	mixture	of	polyphenols,	(B)	“Cherry”	tomato.	BGE:	11.3	mM	borax,	11.2	mM	SDS,	pH	8.5.	Voltage	25	kV,	hydrodynamic	injection	7500	Pa	for	20	s,	15	°C.	Capillary:	67	cm	total	length,	60	cm	effective	length,	375	μm
od	and	50	μm	id.	Peak	identification:	1,	rutin;	2,	naringenin;	3,	ferulic	acid;	4,	p-coumaric	acid;	5,	chlorogenic	acid;	6,	kaempferol;	7,	myricetin;	8,	quercetin;	9,	caffeic	acid.
p-Coumaric	acid 3.988 −1.545 0.9950 0.1;<0.1 2.5;	0.8 0.6;	1.7 3.6;	0.1 1.6;	5.2 85	±	4 98	±	1
Ferulic	acid 2.526 −0.602 0.9961 0.1;<0.1 2.4;	1.5 0.2;	0.3 3.7;	1.0 1.3;	4.3 101	±	1 103	±	2
Chlorogenic	acid 3.378 −1.015 0.9971 <0.1;	0.1 3.1;	0.6 0.2;	0.7 3.7;	1.2 3.8;	12.6 101	±	2 93	±	1
Kaempferol 3.039 −2.614 0.9958 0.1;	0.1 2.5;	3.5 0.3;	0.9 1.8;	4.4 3.1;	10.2 103	±	5 95	±	4
Quercetin 3.241 −0.403 0.9985 <0.1;	0.1 2.3;	1.7 <0.1;	0.3 1.9;	3.5 3.3;	10.9 95	±	3 86	±	1
Myricetin 4.236 −2.546 0.9978 0.1;	0.1 1.8;	1.4 <0.1;	0.6 2.9;	2.4 2.5;	8.2 96	±	1 83	±	1
Naringenin 4.687 −0.388 0.9977 0.2;	0.1 2.4;	4.0 1.4;	0.6 2.2;	3.3 0.8;	2.6 77	±	5 77	±	4













Sample Method Caffa p-Cou Fer Chlor Kaem Quer Myr Naring Rut
“Canario” MEKC b 8.74	±	0.31c 6.15	±	0.24 7.63	±	0.05c
HPLC 1.18	±	0.01 0.86	±	0.01 1.06	±	0.01 9.47	±	0.01 8.07	±	0.06 5.43	±	0.03
RSD	(%) – – – 6 – – – 19 24
“Pera” MEKC 5.89	±	0.21c 3.07	±	0.12 27.37	±	0.00
HPLC 0.96	±	0.01 6.85	±	0.22 3.59	±	0.10 21.43	±	0.16
RSD	(%) – – – 11 – – – 11 17
“Cherry” MEKC 1.59	±	0.06c 23.51	±	1.03 3.35	±	0.08c 4.20	±	0.12 30.92	±	1.36
HPLC 1.54	±	0.01 1.55	±	0.00 1.31	±	0.03 19.56	±	0.08 2.62	±	0.03 3.81	±	0.03 24.98	±	0.24
RSD	(%) – – 14 13 – – 17 7 15
“Kalvert” MEKC 17.86	±	0.31 7.93	±	0.31 43.58	±	0.41
HPLC 1.34	±	0.03 0.86	±	0.00 0.80	±	0.02 15.62	±	0.36 9.99	±	0.17 35.00	±	0.03
RSD	(%) – – – 9 – – – 16 15
“Beef” MEKC 5.25	±	0.10c 4.07	±	0.22c
HPLC 0.94	±	0.02 0.86	±	0.01 5.68	±	0.11 3.11	±	0.08
RSD	(%) – – – 6 – – – – 19
S.	pimpinellifolium MEKC 3.81	±	0.61c 3.57	±	0.20c 264.21	±	2.08 3.70	±	0.02c 5.70	±	0.12 33.61	±	0.41
HPLC 4.43	±	0.20 1.32	±	0.04 2.78	±	0.07 307.07	±	1.30 2.67	±	0.09 4.80	±	0.01 32.18	±	0.06
RSD	(%) 11 – 18 11 – – 23 12 3
S.	neorickii MEKC 5.21	±	0.03c 9.68	±	0.48 1.97	±	0.13 152.02	±	1.65 5.34	±	0.14c 92.47	±	2.25
HPLC 5.86	±	0.11 7.90	±	0.17 2.16	±	0.00 191.32	±	1.96 1.81	±	0.03 5.84	±	0.09 93.21	±	0.80








































The	repeatability,	LODs	and	recoveries	 in	tomato	samples	are	similar	 to	the	results	of	other	authors	working	with	similar	or	more	sensitive	techniques.	Moreover,	 the	applicability	of	 the	method	has	been
checked	using	three	commercial	tomato	cultivars	and	two	wild	tomato	relatives.	These	results	highlight	the	usefulness	of	the	method	developed	for	its	application	to	the	determination	of	tomato	polyphenols	in	quality
controls	or	in	the	development	of	breeding	programs.
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Answer:	They	are	correct.
Query:	The	country	names	of	the	Grant	Sponsors	are	provided	below.	Please	check	and	correct	if	necessary.	‘Instituto	Nacional	de	Investigación	y	Tecnología	Agraria	y	Alimentaria’	-	‘Spain’.
Answer:	They	are	correct.
Highlights
• MEKC-DAD	method	for	the	determination	of	nine	tomato	polyphenols	in	20	min.
• BGE	used	consisted	in	a	11.3	mM	borax	buffer	containing	11.2	mM	SDS	adjusted	to	pH	8.5.
• Separation	of	polyphenols	was	optimized	using	RSM	and	weighted	desirability	function.
• It	was	applicable	to	high	throughput	analysis	typical	from	breeding	programs.
